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Section V — Removing Frozen or Broken
Fasteners & Taps

Frozen or Broken Fastener Removal

What are the common methods for removing frozen or broken threaded

fasteners?

Here are some approaches and cautions. Take the least destructive removal

steps first. Often several steps are needed, like heat cycling, tapping, and

overnight penetrant. Be persistent and try alternatives.

e Begin all fastener removal efforts by cleaning the screw or bolt head, the
stem, and the area around the stem where it enters the work. If the fastener
has a slot or Phillips cross, clean them. Cleaning is best done with a
stainless steel brush and acetone. Cleaning lets you see the problems
better, gives screwdrivers a better grip on the slots, and opens a path to the
threads for penetrants.

e Often a tap disintegrator (TD), also called a bolt disintegrator, metal
disintegrator, or spark eroder, is the best way to remove a frozen or
broken fastener. This device works on the same principle as Electrical
Discharge Machining (EDM) and removes the fastener quickly and
without damage to the work. It works for all fastener metals. Some TDs
are stationary while others may be brought to the work. When using TDs,
the workpiece must be immersed in water or oil. Many machine shops
have these machines and offer this service. For high-value workpieces,
this is an excellent approach and presents minimum risk to the part.

e On stripped out Phillips head screws, use a die grinder (Dremel® tool)
with an abrasive disc to cut a new slot. Be aware that the grinding will
heat the fastener. Then use a flat-blade screwdriver in the new slot.

e On socket head cap screws whose hexes have stripped out, use a Sock-It-
Out tool, Figure 6-33, or make one from a larger Allen wrench using a
bench grinder. Hammer the sock-it-out tool into the recess. If the Allen
wrench itself strips out, grind down the damaged end to expose fresh hex
area.

I

SOCK-IT-OUT TOOL

Figure 6-33. Sock-It-Out tool for removing Allen-head screws and bolts with
damaged recesses.
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e If the work can withstand heat, temperature cycle the fastener and
surrounding areas by heating with a torch or electric heat gun. Heat small
screws with a soldering iron. Do not give up until you have temperature
cycled 5 to 10 times. Cool with ice or compressed air after each heating
cycle. Even raising fastener/workpiece temperature 200 to 300°F may be
helpful, but raising the fastener to a dull red, if the work will not be
damaged, is even better. Other alternatives are heating with a butane
pencil torch to limit damage to the surrounding area. If flame damage to
the surrounding workpiece area is a problem, heat to red-hot the end of a
piece of metal held in a Vise Grip” pliers, then apply the hot end to the top
of the fastener.

e Use penetrating oil and allow it to soak in overnight. Be aware that many
proprietary products, which formerly contained hydrofluoric acid and
other aggressive chemicals, worked well, but have been replaced by
ineffective, but government-approved hydrocarbon oils with the same
names.

e Sometimes medium to light tapping on the fastener, in combination with
other steps, works. Apply shock to help loosen the fastener by striking a
screwdriver inserted into it or directly to the fastener itself. Do not apply
so much force as to damage or snap off the fastener head. Consider
tapping on the side, head, or stem of the fastener with a center punch.
Apply the center punch force off center, tangentially, and counter
clockwise to encourage the fastener to unscrew.

e Socket head cap screws are hardened and almost impossible to drill out.
Consider removal by grinding them out with a diamond bit in a die
grinder. After removing the bulk of the fastener, the remaining metal in
the threads may be picked out with a scriber. Tap disintegrators are also
excellent for removing socket head cap screws.

e Severely rusted fasteners cannot be removed by force. The three forms of
iron oxide (rust) occupy a greater physical volume than the steel it came
from, locking the fastener solidly in place.

e Frozen and rusted nuts can be removed by cutting them in half with a die
grinder and an abrasive wheel. Nut crackers, which use a screw to drive a
hardened wedge into the side of a nut while holding the other, are also
effective.

e  When the fastener or tap is snapped off flush or below the surface, GTAW
(TIG) welding works well:

- Case I: If the fastener is flush with the work surface, a nut is placed
over it and weld metal is used to join the fastener and nut. Turning the
nut backs out the fastener.
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- Case II: If the fastener is below the workpiece surface, weld metal is
fused to the fastener, and the hole is filled with weld metal. Then a nut
is added as in Case I. Skilled weldors can remove broken fasteners
which are 5 to 8 diameters below the surface. Weld metal added inside
the fastener hole will not adhere to the sides of the hole and ruin the
threads because welding only takes place in line with the electrode, not
to its sides. Tilting the GTAW torch inside the nut welds filler metal to

the threads of the nut. See Figure 6-34.
Unscrew Bolt
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Figure 6-34. Welding a nut onto a broken bolt.

If the head is snapped off but the stem projects above the work surface,
use Vise Grip” pliers to grasp the stem and unscrew it. Flats can be filed
on the sides of the stem to improve your grasp.

If the fastener has broken off flush or below the work surface, and the
fastener is not hardened, try a screw and bolt extractor, which come in
several designs, Figure 6-35. Center punch the fastener at its center. Even
better than center punching to center the drill is to use a diamond tool in a
die grinder. This makes a cone-shaped depression in the top of the fastener
so the drill will self-center. Except for very small fasteners, begin with a
“s-inch diameter twist drill and drill down about %2 inch. Use drilling
lubricant. A left-hand drill is better than a right-hand one because drilling
forces tend to unscrew the fastener. Drill progressively larger holes until
the drill hole is about half the diameter of the fastener. Reverse the drill
for left-hand drills. Then, insert the largest spiral-point extractor, tap it in
place so it bites into the fastener, and unscrew the fastener. Use a tap
wrench to turn the extractor. Add penetrant, and try to worry it out. Too
much force will snap the extractor off in the drill hole and no more drilling
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can be done because extractor metal is hardened. Better to remove the
extractor and drill the hole larger. Do the drilling in a drill press or milling
machine, if possible.

ez

Figure 6-35. Broken bolt and screw extractor.

e Another alternative for unhardened fasteners is a commercial product
which uses a drill-centering bushing, two twist drills, spline wrench and a
spline turning nut, Figure 6-36.

Bushing

Snapped Pilot Hole Large Hole Unscrew
Fastener Drilled Drilled Broken Bolt

Figure 6-36. Tap removal tool using a centering bolt and spline wrench.

Torque on the spline wrench is not concentrated at the point it enters the
fastener hole like the screw extractor, so the wrench is less likely to snap off.
The spline wrench must be tapped into the fastener hole.

Broken Tap Removal

What methods can be used to remove a broken tap from its tap hole?

e Tap removal tool, Figure 6-37, is a good choice for a first removal try.
Too much force will break off fingers on the tool, so go lightly. If the tap
does not come out easily, try another method.
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Figure 6-37. Tap removal tool.

The removal steps are:

1. Remove any loose tap material in the tap hole with tweezers or
compressed air.

2. Tap removal tools usually have four fingers; two can be removed for

taps with just two grooves. (Three-fingered tap removers are rare.)

Slide the fingers of the tap removal tool down into the tap grooves.

4. Slide the cylindrical collar down against the workpiece to hold the
fingers against the tool base.

[98)
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5. Back out the tap. You may need to twist the tap back and forth to
worry it out rather than unscrew it in one operation.

e Nitric acid dripped into the hole dissolves the edges of the tap, reducing
its diameter and easing removal. If the hole becomes too large and the
threads are damaged, use a Heli-Coil. Be sure to wash the acid out
completely.

e GTAW (TIG) welding works well when taps snap off flush or below the
surface.

e Tap disintegrators, discussed at the start of Section V, work well on taps.

Section VI —Repairing Damaged Threads
Thread Repair Options

What repair options are available if threads tapped in a casting or

machined part have stripped out?

e The stripped threads can be drilled out and new threads tapped for the next
larger size fastener.

e Install a Heli-Coil® screw thread insert, which makes a stronger, more
durable repair.

e Install an E-Z Lok insert, which works particularly well in plastics, and
pressed wood, as well as ferrous and non-ferrous metals.

Heli-Coils

What is a Heli-Coil and how is it installed?

A Heli-Coil consists of an 18-8 stainless steel wire helix, Figure 6-38. The
wire forming the helix has a diamond-shaped cross-section with 60° ends.
One edge of the diamond fits into the tapped threads in the work and the other
forms a new thread for the fastener.

Heli-Coils are sold in kits containing the proper size twist drill to remove the
old fastener’s threads, the tap for new threads, the Heli-Coils themselves, and
an insertion tool. There are several different insertion tool designs, but all
have a shaft that extends down through the Heli-Coil to turn the tang at the
base of the Heli-Coil. Turning this tang causes the Heli-Coil to behave like a
clock spring. When it is wound, its diameter decreases. This allows the Heli-
Coil to be easily threaded into its new threads.

To install the Heli-Coil:
1. Drill out the damaged threads.
2. Tap the hole to accept the Heli-Coil insert.
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3. Wind the Heli-Coil insert into the tapped threads with an installation tool.
4. Snap off the Heli-Coil tang so it does not interfere with fastener insertion.
The result is a stainless steel thread exactly the same size as the damaged
thread. However, the insert has more depth and more area of the base metal to
grip. It will not wear out when fasteners are removed. Many aluminum and
magnesium castings have Heli-Coils installed initially. Heli-Coil inserts are
available in inch, metric, pipe, and spark plug threads.
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Figure 6-38. Heli-Coil thread replacements.

E-Z Lok Thread Inserts

How do E-Z Lok thread inserts differ from Heli-Coil inserts and how are
they installed?

E-Z Lok thread inserts consist of a one-piece steel fastener with two sets of
threads, Figure 6-39. The external threads secure the insert in the work, and
the internal threads replace the damaged threads. The external threads on the
insert contain a thread-locking adhesive or a nylon pellet that locks the insert
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in place.

They are simple to install:

1.

Drill out the old damaged threads to make a new hole for the insert.

2. Thread the new hole with a tap for the insert.

3.

Screw in the insert using either a special purpose tool or a nut and bolt
pair.

Nylon Pellet and/or
Thread-Locking Adhesive
Applied at Factory

Figure 6-39. E-Z Lok thread insert.

Other Thread & Fastener Repair Options
Besides cutting an Acme thread on a lathe to repair a broken machine
rod, what other options are available?

If the rod is for a non-critical application, like a jack or clamping

mechanism where a 0.020 to 0.035-inch error in 3 or 4 feet of thread

length is permissible, most industrial tool supply companies sell suitable

rods.

If the rod must be accurate over its length, there are two choices:

- Apply Acme threads to the rod stock using a lathe.

- Purchase threaded rod specifically made for leadscrew or other
measurement applications.

- Purchase the exact replacement part.

- Obtain an identical used part from a scrapped machine.

You are repairing a firearm and need a replacement screw. Other than
ordering one from the factory, what other options do you have?

The screws in firearms may be Unified Extra Fine, Unified Fine, metric or
Whitworth. The particular size, stem length, and shape of many screws are
specific to their function in that particular firearm: There are two options:

Make a screw from the beginning.
Begin with unthreaded screw stock (a slotted screw head on an
unthreaded shank). Reduce the shaft diameter to the proper finished screw
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diameter, trim it to length, thread, and blue it. Although the screw can be
case hardened, most firearms frames are heat-treated, and most screws are
not. Starting with unthreaded screw stock is a much better option than
making a screw from scratch. Gunsmith supply companies, such as
Brownells, offer selections of this unthreaded screw stock.



